Abstract The central part of the Bellingshausen Sea has been poorly studied, partly because of the presence of ice during most of the year. The main aim of this study was to analyse the abundance and distribution of meroplankton, and the inXuence of oceanographic properties were investigated in the Bellingshausen Sea (West Antarctica) during the BENTART-06 cruise carried out in January-February 2006. Zooplankton samples were collected with a 80-m mesh plankton net hauled vertically from a depth of 200 m to the surface at Wfteen stations across the Bellingshausen Sea. Fifteen types of larval benthic invertebrates were found, with echinospira and nudibranch veligers being the most abundant. Hierarchical analysis and non-metric multidimensional scaling revealed a high degree of spatial variability in both larval abundance and larval types across the Bellingshausen Sea. The variability was signiWcantly correlated with total chlorophyll-a and the contribution of large (>5 m) phytoplankton to total chlorophyll, indicating the availability of food as an important factor determining the larval distribution observed. Nudibranch veligers, nemertean pilidia, echinoderm and planula larvae were more abundant at stations in the central Bellingshausen Sea, which was characterized by low phytoplankton biomass and production. Higher abundances of echinospira veligers and polychaete larvae were found at the more productive stations close to Peter I Island and the Antarctic Peninsula. The abundance and diversity of larval types found in the Bellingshausen Sea during the BENTART-06 cruise support the hypothesis that indirect development through larval swimming stages plays a key role in benthic recruitment in polar areas.
Introduction
The Antarctic environment is one of the most thermally stable environments on earth (Peck et al. 2006) . However, despite the important regional diVerences, it is characterized by a high degree of seasonal variability in other physical factors such as light availability, sea-ice cover between summer and winter and a strong seasonality in primary production, which peaks during the summer months (Peck et al. 2006) . This seasonality determines the abundance and distribution of pelagic fauna (Kaufmann et al. 2003) as well as other biological responses including seasonal changes in feeding activity, growth and reproduction (Sewell and Jury 2011) . The pelagic community consists of a permanent component (holoplankton) and a temporary component composed by larval stages of benthic animals (meroplankton).
Although most benthic invertebrates display indirect development, with pelagic larval stages at temperate latitudes, the lack of larvae in polar waters led to believe that Antarctic benthic invertebrates reproduce without a planktonic stage (Murray 1895; Thorson 1950) . However, recent studies in the Southern Ocean have revealed a relatively high diversity and abundance of larval forms (Shreeve and Peck 1995; Stanwell-Smith et al. 1999; Arntz and Gili 2001; Absher et al. 2003; Sewell 2005; Freire et al. 2006; Vázquez et al. 2007; Bowden et al. 2009 ), some of which are planktotrophic. Moreover, some of the most abundant species in these cold-water habitats reproduce seasonally, usually in late winter and early spring, so that the planktotrophic larvae coincide with the summer phytoplankton bloom (Pearse et al. 1991; Stanwell-Smith et al. 1999; Pearse and Bosch 2002; Pearse and Lockhart 2004; Bowden et al. 2009 ).
The Bellingshausen Sea (BS) constitutes the third largest sea in the Southern Ocean, extending between Alexander Island and Thurston Island. Although it constitutes a natural connection between the Weddell and Ross seas, and therefore represents a natural means of dispersion of species in Antarctica, the Bellingshausen Sea is one of the least well studied areas in the Southern Ocean, owing to the presence of ice during most of the year (Clarke and Johnston 2003; Assmann and Timmermann 2005) .
Most of the research on Antarctic zooplankton communities in this region has been carried out in the Western Antarctic Peninsula (Ashjian et al. 2004; Calbet et al. 2005; Freire et al. 2006; Bowden et al. 2009; Mahon et al. 2010) . However, in the BS, few studies have described the abundance and distribution of holoplankton during early summer (November-December) (Burkill et al. 1995; Weeks et al. 1995) , and the study by Shreeve and Peck (1995) is the only one dealing with meroplankton distribution. These authors sampled Wve stations from the continental shelf to open ice-free waters along 85°W, with a net of mesh size 200 m, collecting sixteen diVerent types of larval and juvenile specimens representing seven phyla, of which Echinodermata and Nemertea were the most abundant. They also described a decrease in both larval abundance and diversity towards oVshore waters and away from the permanent sea ice.
The aim of the present study is to provide an overview of the scarcely studied diversity, abundance and distribution of pelagic larvae in the Bellingshausen Sea, and to investigate potential relationships with the oceanographic conditions observed during the BENTART-06 cruise.
Materials and methods

Field sampling
Within the framework of the BENTART-06 project (an integrated study of the benthic ecosystem in the Bellingshausen Sea), we sampled sixteen stations on board RV Hespérides, between January and February 2006, ranging from the Antarctic Peninsula to Thurston Island (Fig. 1) . Sampling covered four geographically well-characterized areas: Peter I Island (PI), the central Bellingshausen Sea (BS), Marguerite Bay (MB) and the Antarctic Peninsula (AP).
Conductivity-temperature-depth (CTD) proWles were recorded, with a Neil Brown mark III probe attached to a rosette equipped with Niskin bottles at all stations except Shreeve and Peck (1995) . The dotted line shows the limit of the pack ice during the survey, following San Vicente et al. (2009) . Plankton samples were not collected at station 41, and the CTD probe was not deployed at stations 33 and 35 33 and 35 (where recording was not possible due to adverse weather conditions). Samples were collected to determine dissolved oxygen and size-fractionated chlorophyll-a concentrations and to measure net community production. Dissolved oxygen was determined by the classical Winkler titration method, according to WOCE methodology (Culberson 1994) , using the whole bottle with visual end-point titration with a starch solution. Chlorophylla was determined after concentration of particulate matter by Wltering 250 ml of seawater through 5 and 2 m polycarbonate and GFF Wlters, which were immediately frozen. The concentration of size-fractionated chlorophyll-a was measured on shore with a SAFAS Xx spectro-Xuorometer calibrated with a pure chlorophyll-a extract obtained by HPLC, after extraction with 90 % acetone overnight. Chemically determined chlorophyll-a concentrations were used to calibrate the CTD Xuorometer (chlorophyll-a = 1.0076 £ Xuorescence ¡ 0.1112 (R 2 = 0.91)). Twelve experiments were carried out to determine Net Community Production (NCP), Community Respiration (R) and Gross Primary Production (GPP) from in vitro changes in dissolved oxygen during 24-h light/dark bottle incubations. Water samples were collected from a 24-bottle rosette (10-dm 3 PVC Niskin bottles) through silicon tubing into calibrated borosilicate glass bottles, with a nominal volume of 120 cm 3 . Four to Wve depths were chosen according to the proWles of Xuorescence and photosynthetically available radiation (PAR). Four clear and four dark bottles from each depth were incubated for 24 h in an on-deck incubator covered with blue Wlters simulating the light Weld experienced by the cells at the original sampling depths. The bottles were placed in a on-deck Xow-through incubator refrigerated with running seawater pumped from the surface. Four replicate bottles were Wxed immediately after the start of the incubation experiments in order to quantify the initial oxygen concentrations. Measurements of dissolved oxygen were made with an automated Winkler titration system, on the basis of a potentiometric end-point detector (Culberson 1994) . Details of the methods are described in Mouriño-Carballido and McGillicuddy (2006) . Depth-integration values were computed to a depth of 80 m for chlorophyll-a, and to 1 % of PAR for NCP, R and GPP.
A total of 15 zooplankton samples were collected by use of a 80-m mesh plankton net with a 0.28-m-diameter mouth, at all stations except station 41 where sampling was not possible because of adverse weather conditions. Sampling was performed by vertical trawling from 200 m to the surface, except at station 39, the shallowest station, where trawling was carried out between 100 m and the surface. The plankton net was towed at a constant speed of 10 m min
¡1
. The larvae collected were normalized to larvae m ¡3 in order to facilitate the comparison with previous studies in the region (Shreeve and Peck 1995; StanwellSmith et al. 1999; Freire et al. 2006; Vázquez et al. 2007; Bowden et al. 2009; Sewell and Jury 2011) . The volume of water passing through the net was calculated from a Xow meter attached to the centre of the net mouth. The mean Wltered volume was 15.6 § 2.6 m 3 .
Laboratory study
Zooplankton samples were anaesthetised with menthol crystals in seawater for 1 h prior to Wxation. The samples were Wxed with 40 % formaldehyde to a Wnal concentration of 4 % formalin in seawater. Total samples were examined under a binocular microscope, and larval stages were separated from zooplankton. Larvae were sorted, identiWed and quantiWed to a high taxonomic level (because of diYculties in identiWcation) following descriptions provided in the literature (StanwellSmith et al. 1997; Young 2002; Sewell 2006) . Euphausiid larvae were identiWed according to their developmental stages (Gibbons et al. 1999) .
Nonparametric multivariate techniques were performed with the PRIMER v 6.0 statistical package (Clarke and Gorley 2006) to investigate diVerences in the types of larvae found at the diVerent stations. A similarity matrix was constructed for samples by means of Bray-Curtis similarity index, by use of fourth-root-transformed larval-type abundances (larvae m
¡3
) to down-weight the contribution of the most abundant taxa. From this matrix, the stations were classiWed by the group-average sorting algorithm. Nonmetric multidimensional scaling, MDS, was used to evaluate the group separation derived from the cluster analysis.
In order to select the set of hydrographical features that best explain the distribution pattern of meroplankton, the BIO-ENV test (Clarke and Ainsworth 1993) of the PRIMER package was used. The BIOENV routine was carried out by superimposing the physical data (similarity calculated by using the Euclidean distance coeYcient) on the biotic ordination (Clarke and Gorley 2006) . The following variables were used in the analyses: depth, sigma-t vertical (10-50 m) gradient, surface oxygen concentration, depthintegrated (0-80 m) total chlorophyll-a, contribution (%) of >5 m size-fractionated chlorophyll-a. All variables except depth and contribution (%) of >5 m size-fractionated chlorophyll-a had previously been transformed by log (x + 1), and all of them had been standardized before running the BIO-ENV test.
Within the analysis, rank correlation ( ) of the matching elements was carried out with combinations of environmental variables. A value of = 0 indicates an absence of any match between the two patterns, where = +1 is a perfect match (Clarke and Ainsworth 1993) .
Results
Oceanographic conditions
Temperature-Salinity scatter plots of the recordings made at the 14 CTD stations in the Antarctic Peninsula (AP), Marguerite Bay (MB), Bellingshausen Sea (BS) and Peter I Island (PI) in January-February 2006, are shown in Fig. 2 . Surface waters were occupied by the Antarctic surface water (ASW), with temperatures ranging from »¡1.8 to 3.5°C and salinities of »31.7-33.7 at potential density anomaly ( ) values <27.2. The wide scatter in ASW properties reXects temporal changes in surface waters due to seasonal heating and cooling during the summer and autumn. The minimum temperature (¡1.6 to ¡1.7°C) at salinity values of »34.1 was associated with the winter water (WW) produced during the previous winter. Beneath the ASW and the WW, the warmer (1.0-2.0°C) and more saline (34.5-34.7) water mass that occupies most of the deep layers of the Antarctic Circumpolar Current (ACC) is the Circumpolar Deep Water (CDW), which constitutes the main source of ocean heat and nutrients in the Southern Ocean. The deepest water in the slope is the local Bottom Water (BW) with temperatures ranging from 0 to 0.5°C and salinities from 34.6 to 34.7.
The shallower stations (<350 m) in the AP (41 and 43) and the MB (39) were only inXuenced by the ASW. The AP stations were characterized by a weak vertical density gradient (0.49 § 0.06) in the surface waters (10-50 m) (see Table 1 ; Fig. 3 ). Phytoplankton biomass was relatively low (87 § 41 mg chla m ¡2 ), and the contribution of large (>5 m) size-class phytoplankton to total chlorophyll-a was <45 % (Fig. 4) . Net Community Production (NCP) rate measured at station 41 was relatively low (63 mmolO The potential density ( ) of a Xuid parcel at pressure P is the density that the parcel would acquire if adiabatically brought to a reference pressure P 0 , often 1 bar (100 kPa). is especially useful because it is a conserved thermodynamic property. Whereas density changes with changing pressure, the potential density of a Xuid parcel is conserved as the pressure experienced by the parcel changes. To avoid diYculties in working with absolute density, density relative to density of pure water is used. For simpliWcation, the last 2 digits of the density are often quoted, a quantity named density anomaly or . The corresponding potential density anomaly is denoted by = ¡ 1,000 kg m
¡3
indicating that in this region, a small amount of organic matter is available for exportation, either to deeper layers or to higher trophic levels. Station 39, further south in the shallow (<200 m) waters of the MB, exhibited the maximum vertical density gradient (1.1) in the surface waters. Surface oxygen concentration (408 molO 2 kg ¡1 ) and phytoplankton biomass (375 mg chla m ¡2 ) were also higher at this station, where the contribution of large (>5 m) size-class phytoplankton to total chlorophyll-a was >90 %. Unfortunately, no NCP experiments were conducted at this station.
The two stations (27 and 28) close to Peter I Island (PI) sampled deeper than 1,000 m showed the highest contribution of the CDW. The PI stations were characterized by a relatively weak vertical density gradient (0.4 § 0.2) and relatively high values of surface oxygen concentration (398 § 2 molO 2 kg ¡1 ). Phytoplankton biomass was also relatively high (154 § 65 mg chla m ¡2 ), and the >5 m size-class phytoplankton predominated, representing more than 90 % of the total chlorophyll-a. Maximal NCP rates (304 § 116 mmolO 2 m ¡2 d
¡1
) were measured at these two stations.
Nine other stations were investigated in the Bellingshausen Sea (BS) from the shelf-break (<500 m depth) to deeper waters (>3,000 m). Most of the stations were in the central part of the BS, whereas station 26 was further west, very close to the Amundsen Sea. These stations showed a high contribution of the WW, and the deeper stations were also inXuenced by the BW. Only station 29 was inXuenced by the CDW, probably because of its proximity to the PI. The vertical surface density gradient (0.74 § 0.22) was higher than that at the PI stations, whereas surface oxygen concentration was lower (354 § 33 molO 2 kg ¡1 ). Similar to the AP stations, phytoplankton biomass (74 § 30 mg chla m ¡2 ), the contribution of large (>5 m) size-class phytoplankton to total chlorophyll-a (65 § 12 %) and NCP rates (68 § 31 mmolO 2 m ¡2 d ¡1 ) were lower than in the stations at PI and the MB. Respiration rates determined from in Table 1 ).
Larval abundance and distribution
The plankton community was dominated by holozooplankton larvae, which accounted for almost 95 % of the total larval abundance (Fig. 5a ). Copepod nauplii (n = 122,569) were by far the most abundant taxa, contributing about 96 % of the total holoplanktonic larvae, while juvenile stages of the cosmopolitan planktonic lopadorhynchid polychaete species Pelagobia longicirrata (n = 4,886) and Euphausiacea larvae (n = 254) represented 4 % of the total larvae of holozooplankton.
A total of 7,122 benthic invertebrate larvae belonging to 15 larval types were collected in this study (Fig. 5b) . Molluscan veligers predominated, comprising 90 % (n = 6,432) of the total meroplanktonic larvae, with three diVerent larval types present: bivalve veligers (0.04 %, n = 3), echinospira veligers (61 %, n = 4,333) and nudibranch veligers (29 %, n = 2,096), followed by polychaete larvae (mainly nectochaetes) 4 % (n = 293), planula larvae (probably from octocorals and sponges) 3 % (n = 211) and nemertean larvae, both pilidia and advanced pilidia, 1.25 % (n = 98). Other larvae such as ophiopluteus larvae (n = 43), echinopluteus larvae (n = 15), brachiolaria larvae (n = 3), cirripede nauplii (n = 5), sipunculid pelagosphaerae (n = 18) and ascidian larvae (n = 4) were substantially less abundant, representing less than 1 % (Fig. 5b) .
Coinciding with the increased phytoplankton biomass, the total larval abundance was generally higher close to the Fig. 3 Vertical proWles of density anomaly (sigma-t) for the stations sampled in the Antarctic Peninsula (AP), Marguerite Bay (MB), the Bellingshausen Sea (BS) and Peter I Island (PI), in January-February 2006. Sigma-t is the density anomaly of a water sample when the total pressure on it has been reduced to atmospheric pressure (i.e. zero water pressure), and temperature and salinity correspond to in situ values. Thick dark line represents the averaged proWle for all stations sampled in each region shore, near Peter I Island (stations 27 and 28), in Marguerite Bay (station 39), and the Antarctic Peninsula (station 43). The total larval abundance was maximal at MB and decreased in the central part of the Bellingshausen Sea (Figs. 6, 7) . Copepod nauplii predominated at all stations and were uniformly distributed across the BS, reaching maximal density at PI (894 larvae m ¡3 , station 28) and at MB (974 larvae m ¡3 , station 39) (Fig. 6a) . P. longicirrata juveniles were found at all stations, and were most abundant at MB (95 larvae m ¡3 ) (Fig. 6b) . The density of Euphausiacea larvae (namely Euphausia crystallorophias, Euphausia superba and Thyssanoessa macrura), mainly furcilia stages, ranged from 0 to 13 larvae m ¡3 (Fig. 6c ). Calyptopis stages, mainly of E. crystallorophias, were only recorded at the coastal stations. The highest densities were also sampled near the shore stations, speciWcally in MB where euphausiid metanauplii were also encountered (Fig. 6c) .
Molluscan larvae were represented by three types of larvae. Echinospira and nudibranch veligers were present at all stations (Fig. 7a, b) , whereas bivalve veligers were very rare, appearing only in the central part of the BS (data not shown). Echinospira and nudibranch veligers showed diVerent distribution patterns. Nudibranch veligers mainly occupied the central part of the BS, reaching maximum densities of 24 larvae m ¡3 , whereas echinospira veligers generally predominated close to the shore, reaching the highest density in the AP (65 larvae m ¡3 , station 43) (Fig. 7a, b) . Although the larvae of other benthic organisms were much less abundant, their distribution was fairly distinctive (Fig. 7c-h ). Polychaete larvae mainly occurred at the near shore stations, exhibiting the highest abundances in MB (9 larvae m ¡3 , station 39) and the PI (5 larvae m
¡3
, station 28), whereas planula larvae, nemertean pilidia and echinoderm larvae, mostly ophioplutei, prevailed in the central part of the BS (Fig. 7c-g ). Advanced nemertean pilidia were very rare throughout the BS, and the highest abundance was sampled in MB (Fig. 7f) . Sipunculid pelagosphaerae larvae were found in low numbers mainly close to the coast (Fig. 7h) . The four ascidian larvae found during this survey were also collected in MB (data not shown).
Cluster analysis of the abundance of meroplankton revealed two major groups with a level of similarity of about 60 % (Fig. 8a) . Group I included those stations characterized by a higher abundance of echinospira veliger larvae: two stations at PI (27 and 28), two stations in the BS (stations 26 and 38), as well as station 43 in the AP. Group II incorporated the other stations sampled in the BS, characterized by higher abundances of nudibranch veligers and also a large proportion of planula, nemertean pilidia and echinoderm larvae. Finally, station 39 in the MB was diVerent from the others on account of the lack of gastropod larvae and the high abundance of diVerent types of larvae such as polychaete nectochaetes, advanced nemertean pilidia and ascidian larvae.
The MDS ordination plot (Fig. 8b) showed similar results to those of the dendrogram, with an acceptable stress value (0.12). The sampling sites were segregated according to the larval abundance gradient, coinciding with coastal stations and the increased phytoplankton biomass.
The results of the BIO-ENV analyses (Table 2 ) indicated a relatively good Wt between environmental variables and the larval data matrix. The highest correlation ( = 0.583) was between a combination of total chlorophyll-a and the contribution of large (>5 m) phytoplankton to total chlorophyll-a, suggesting that food availability constitutes an important factor determining larval abundance. However, we cannot disregard the possibility that larval abundance and composition may also be at least partly aVected, by water circulation patterns that inXuence the distribution of drifters. When each variable was considered separately, the contribution of large phytoplankton to the total chlorophylla was the variable mostly closely correlated ( = 0.560) with meroplanktonic abundance and composition.
Discussion
Phytoplankton biomass is low throughout most of the Southern Ocean, and enhanced concentrations are mainly associated with coastal sea ice edge and frontal system zones (Comiso et al. 1993; Boyd et al. 1995) . Because of the intense mixing and the eVect of irradiance and iron limitation, no sustained blooms occur in deeper waters (Smith and Comiso 2008) . The generation of a stratiWed surface layer where ice melts can stimulate growth of phytoplankton and accumulation of phytoplankton biomass (Smith and Nelson 1985) . The BS, characterized by moderate concentration of surface chlorophyll (0.1-1 mg m ¡3 ) (Comiso et al. 1993) , is aVected by the north-eastward Xowing Antarctic Circumpolar Current (ACC), with its southern boundary located on the upper continental slope along the 750-1,000 m isobath (Hofmann and Klinck 1998) . The presence of the ACC along the continental shelf is responsible for the subsurface on-shelf intrusions of the Circumpolar Deep Water (CDW) (Dinniman and Klinck 2004) , which inXuence the thermohaline properties, as well as nutrient and phytoplankton distributions (Klinck 1998; Prezelin et al. 2000) .
A large degree of variability in phytoplankton biomass and production was observed in the BS in January-February 2006, during the BENTART-06 cruise. Higher chlorophyll-a, NCP rates and contribution of large phytoplankton were found at the stations at PI and in the MB (see Table 1 ; Fig. 4 ). T-S diagrams indicated that the PI stations were under the inXuence of CDW intrusions, whereas station 39 sampled close to the ice shelf in the MB was characterized by stratiWed surface waters. The range of surface values for phytoplankton biomass (0.5-13.4 mg chla m
¡3
) and NCP rates (0.1-9.2 mmolO 2 m ¡3 d
¡1
) reported during the BENTART-06 cruise were consistent with the Wndings of previous studies carried out in the region (see Table 2 in Agustí et al. 2004) . The classic view of the Southern Ocean proposed a short food chain supported by diatom growth (Hart 1942) . However, later studies indicated that nano-and picoplankton (<20 and <2 m, respectively) are important components of the Antarctic phytoplanktonic community, with large diatoms being abundant in coastal and restricted environments and associated with fronts (Ducklow et al. 2007 ).
In the study area, the holoplankton dominated over the meroplankton community. Holozooplankton larvae were found at all the stations, but were more abundant at stations where phytoplankton biomass was highest. In agreement with these results, Burkill et al. (1995) and Weeks et al. (1995) found that macrozooplankton and microzooplanton, as well as micronekton, were closely associated with increased phytoplankton biomass.
Copepod nauplii dominated the sampled area, probably because of the high abundance of several copepod species, mainly Calanoides acutus, Rhincalanus gigas, Oithona spp. and Metridia gerlache, previously registered in this area . Similar results with regard to the dominance of copepod nauplii were recorded in other Antarctic areas, especially during the summer [Vázquez et al. (2007) in the BransWeld Strait; Elliott et al. (2008) 
Juveniles of P. longicirrata were also very abundant during the survey, representing almost 85 % of the total polychaete larvae. Comparable estimates of the abundance of P. longicirrata have been reported for other Antarctic areas (Kittel et al. 2001; Freire et al. 2006) . The highest density registered in the MB (station 39) was probably due to the enhanced phytoplankton biomass measured at this station, since P. longicirrata has an exclusive diet of phytoplankton (Hopkins and Torres 1989) . In contrast to previous reports for the Antarctic Peninsula region during the austral summer (Makarov Table 2 Results of the BIO ENV analysis conducted to select the number of oceanographic parameters that best match the biotic matrix according to the values of the Spearman's rank correlation ( ) The values in bold type provide the best match. The numbers correspond to: 1 depth; 2 depth-integrated total chlorophyll-a, 3 contribution (%) of large (>5 m) size-fractionated phytoplankton to total chlorophyll-a, 4 surface oxygen concentration, and 5 vertical (10-50 m) gradient of sigma-t 1990; Pakhomov et al. 2004) , the scarcity of krill larvae may be attributed to the sampling procedure, since larval euphausiids can avoid the net used in this study (Brinton 1967; Mathew 1988; MarschoV et al. 1998) . Furcilia stages were dominant across the BS, although metanauplius and calyptopis stages of E. superba and E. crystallorophias were found at PI and in the MB. The lack of metanauplius and calyptopis stages of T. macrura may be the result of diVerent reproductive strategies, since T. macrura spawns in September (Makarov 1979) , E. crystallorophias spawns between late November and January, followed by E. superba, which mainly spawns between December and March (Hosie 1991; Kirkwood 1996; Taki et al. 2009; Marrari et al. 2011) .
As observed for Pelagobia, euphausiid larvae mainly appeared at those stations close to the shore, characterized by enhanced phytoplankton biomass. This is consistent with the Wndings of Ducklow et al. (2007) , who reported the presence of adult populations near coastal areas associated with high phytoplankton concentrations, suggesting that larvae do not move away from the spawning areas during development (Miquel 1991) .
The abundance of meroplankton across the Bellingshausen Sea varied from 10.67 (St34, in the BS) to 66.36 larvae m ¡3 (in the AP). Although quantitative comparison of larval numbers is diYcult because of diVerences in sampling gear, depth sampling and plankton mesh size, the present data are within the range reported in previous studies in the Antarctic. Shreeve and Peck (1995) reported an abundance of about 20 larvae m ¡3 in the Bellingshausen Sea in NovemberDecember. Freire et al. (2006) , Vázquez et al. 2007) . A remarkably high abundance of 228 larvae m ¡3 was observed by Tanimura et al. (1986) for the Syowa station in the eastern Antarctica.
Except for the latter value, larval abundances reported in the Antarctic are generally lower than those reported for temperate [280 larvae m ¡3 in the Swedish coast of Oresund (Thorson 1950) , 3,000 larvae m ¡3 in the North Sea (Bosselmann 1989)] and tropical waters [120,000 larvae m ¡3 in the SE India (Srikrishnadhas et al. 1993) ]. In fact, much lower numbers were observed in Long Island Bay (1-3 individuals m
¡3
) (Cook and Jones 1980) and in East Greenland (84 larvae m ¡3 ) (Clough et al. 1997 ). However, the scarcity of benthic marine invertebrate larvae in the Southern Ocean has been related to abundance rather than to larval type richness (Stanwell-Smith et al. 1999; Bowden et al. 2009; Sewell and Jury 2011) . Nevertheless, larval diversity may be overestimated or underestimated since it depends on a number of author-speciWc criteria (Sewell and Jury 2011) , and therefore improved molecular techniques are required for identifying marine invertebrate larvae (Sewell and Jury 2011) and for a better understanding of benthopelagic coupling and the recruitment process.
The meroplankton community in the Bellingshausen Sea was dominated by gastropod larvae, in contrast to reports by Shreeve and Peck (1995) who found a lower abundance of gastropod larvae, except at the outer open water station, pointing out that these larvae may be swept oVshore by currents or may be produced by deep-water or holoplanktonic species. This appears likely since the gastropod adults that reproduce via pelagic larvae are not very abundant in the BS (Troncoso et al. 2007; Sáiz et al. 2008) . Troncoso et al. (2007) observed mainly bivalve in the benthos, but the presence of bivalve veligers in the samples was anecdotal, which may indicate that the larvae live demersally (Hain and Arnaud 1992) .
The multivariate analysis, according to the relative contribution of the dominant taxa and the variety of larval types, showed that there were diVerences in the meroplankton composition and abundance, which were correlated with phytoplankton biomass. Two main meroplanktonic assemblages were discriminated by this analysis. The GI cluster included stations predominated by echinospira veligers and polychaete larvae. The abundance and distribution of gastropod veligers may be related to a peak in primary production at the end of the January and February (Absher et al. 2003; Freire et al. 2006) . In other Antarctic areas, polychaete larvae also coincide with the summer bloom [in Ross Sea, Pane et al. (2004) , in Admiralty Bay, Freire et al. (2006) ; in Rothera Bay, Bowden et al. (2009)] .
Stations in the central part of the BS (cluster GII) were characterized by the predominance of nudibranch veligers, which were probably larval stages of Cephalaspidae (J. Troncoso, personnel communication), and higher abundances of other larval types such as nemertean pilidia, echinoderm larvae and planula larvae. This distribution may be related to the proximity to the pack ice (see Fig. 1 ), as nudibranch veligers and nemertean pilidia have often been reported to occur close to or in the pack ice (Sewell 2006; Sewell et al. 2006; Freire et al. 2006 ). Shreeve and Peck (1995) reported higher abundances of nemertean and echinoderm larvae close to the continental shelf, which decreased oVshore. On the shelf, both nemertean pilidia and echinoderm larvae would beneWt from the higher abundance of nano-and picophytoplankton (Boyd et al. 1995) , which can be ingested by these larvae (Peck 1993) . On the other hand, the higher abundance of planula larvae may be due to the presence of adult taxa in the area (Gutt 2007) .
Finally, station 39 sampled in the MB was distinguished from the other stations by the lack of gastropod larvae, probably due to the scarcity of adult gastropods in the Rothera area (south-eastern Adelaide Island) reproducing via pelagic larvae (Bowden et al. 2009) . A high abundance of other larval types such as polychaetes, advanced nemertean pilidia and ascidian larvae may occur as a result of the high abundance of benthic fauna in the area (Raguá-Gil et al. 2004; Saiz et al. 2008; Parapar et al. 2011) , since the geomorphology of the bay and the presence of small gyres may contribute to larval retention (Ashjian et al. 2004 ). The higher abundance of advanced nemertean pilidia may be related to the peak abundance of nemertean juveniles recorded by Bowden et al. (2009) at Rothera, which may indicate the beginning of metamorphosis and settlement of nemerteans coincide with the onset of phytoplankton bloom. The lower presence of echinoderm and ascidian larvae than reported by Bowden et al. (2009) may be due to the fact that these types of larvae mainly occur in winter and early summer in this area (Bowden et al. 2009 ).
The composition of the meroplanktonic community observed during this survey was generally similar to that reported in previous studies carried out in the Ross Sea (Sewell 2005) and Admiralty Bay (Freire et al. 2006 ) and oV Signy Island (Stanwell-Smith et al. 1999) , that is, a predominance of molluscan veligers and nectochaete polychaetes. By contrast, Shreeve and Peck (1995) described a predominance of nemertean pilidia and ophiopluteus in the Bellingshausen Sea during the early summer of 1992. This may be related to the use of the large mesh plankton net (200 m), which may not collect the smaller forms (echinospira and nudibranch veligers). On the other hand, the higher diversity of larval types may be explained by the diVerent reproductive strategies of benthic invertebrates, as some of the most abundant species in these coldwater habitats reproduce seasonally, coinciding with the phytoplankton bloom (Kirkwood 1996; Stanwell-Smith et al. 1999; Bowden et al. 2009; Sewell and Jury 2011) , so that the timing of sampling is important. Thus, the lower presence of nemertean pilidia in the water column in the present study than that reported by Shreeve and Peck (1995) may be due to the fact that larval settlement had already started in the area, since the nemertean pilidia found in this study are similar to those described by Peck (1993) , who studied the reproduction of the Antarctic nemertean Parbolasia corrugatus and found that the developmental period lasted 2 months. Nevertheless, according to Mahon et al. (2010) , pilidia of the abundant nemertean P. corrugatus are not a large component of the Antarctic meroplankton, representing only 4.3 % of larvae sampled at Antarctic Peninsula, which suggests a mismatch between morphological and molecular identiWcation of larval types.
The present study carried out in Bellingshausen Sea during January and February complements the work of Shreeve and Peck (1995) carried out in November and December, showing a diVerent temporal occurrence of invertebrate larvae. The abundance of phytoplankton and hydrographical conditions may explain the distribution of larvae. Moreover, the diversity of larval types found during this survey reinforces the hypothesis that indirect development plays a key role in benthic recruitment in polar areas, in contrast with the idea proposed in the early nineteenth century (see Pearse and Lockhart 2004) , of the predominance of direct development in the life cycle of benthic invertebrates at polar latitudes (Murray 1895; Thorson 1950) .
